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MATERIAL AND METHODS
The study cohort included all patients (n = 8664)
treated with vascular surgery or endovascular interven-
tion (n = 12,295) for LLI in the county of Stockholm,
Sweden, from 1970 to 1994. Approximately 20% of the
Swedish population lives in the county. Data were
extracted from the registry of the National Board of
Health and Welfare, where all patients treated at Swedish
hospitals are registered with their personal registration
number. Diagnosis and procedure codes are registered
according to the International Classification of Diseases
(ICD)—ICD 8 in 1970 to 1979 and ICD 9 in 1980 to
1994 (Table I). Before 1979 the classification system for
vascular surgery only included four groups—embolec-
tomy, thrombectomy, thrombendarterectomy, and arter-
ial bypass. After 1979 the ICD codes are more detailed
(Table I). Data were requested by procedure codes for all
vascular and endovascular interventions and amputations
(Table I). The procedure codes were extracted together
with the personal registration number (age and sex),
dates of the intervention, and length of hospital stay. The
material was analyzed parallel to the cause-of-death reg-
istry in 1997 to determine the time of death in deceased
patients. When the whole group of patients treated with
vascular surgery or endovascular interventions are analyzed,
they are referred to as “the patient cohort” in the text.
The 929 patients who underwent amputation after a
vascular intervention during the study period were ana-
lyzed separately. The number of women and men who
underwent amputation were compared with the patient
cohort, thereby withholding the actual percentage.
A clinical observation supported in the literature is
that an increasing number of elderly women are treated
for lower limb ischemia (LLI).1 This increase in the num-
ber of women treated with infrainguinal interventions may
result in more complications and thus require more
health-care resources. With this in mind, a large number
of reports have since 1993 presented outcome after treat-
ment for LLI, with special attention to sex as a risk fac-
tor.2-10 The results are conflicting, but overall, female sex
should perhaps be considered a risk factor for poor out-
come when selecting patients for surgery. Better knowl-
edge of sex-specific conditions may be important for
strategies and efforts to satisfy the needs of future patients
requiring vascular intervention, most of whom will be
elderly women.3,4,6,11 The aim of this report was to
describe outcome, defined as amputation and survival in a
large cohort of patients treated with vascular and endovas-
cular interventions for LLI, with special reference to sex-
related differences and time trends.
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Sex-related differences in outcome after vascular
interventions for lower limb ischemia
Rebecka Hultgren, MD, Pär Olofsson, MD, PhD, and Eric Wahlberg, MD, PhD, Stockholm, Sweden
Objective: The purpose of this study was to investigate sex-related differences in outcome, defined as amputation rate
and survival in patients treated for lower limb ischemia.
Material and method: Age, sex, and type of procedure for all patients undergoing vascular interventions for lower limb
ischemia in Stockholm, Sweden, from 1970 to 1994, were obtained from the National Board of Health and Welfare.
All patients who underwent amputation after treatment were analyzed separately. Data on deceased patients were
extracted from the cause-of-death register.
Results: Women had lower survival rates than men at 30 days and 1 and 5 years after operation (89% vs 92%, 75% vs
80%, and 50% vs 55%; P < .001). In the multivariate analysis of risk factors for death during the whole study period,
increasing age, calendar year (1980 to 1989), and male sex were significant risk factors (P < .001). The percentage of
women who underwent amputation after treatment was comparable with the percentage of men who underwent ampu-
tation (11.4% vs 10.2%, P = .075). The multivariate analysis identified increased age and calendar year (1985 to 1994)
as important risk factors for amputation (P < .001). Female sex was not found to increase the risk for amputation.
Patients who underwent amputation were older than patients with intact limbs (73 vs 68 years, P < .001). The high-
est percentage of patients who underwent amputation was found among those treated with femorodistal bypass (20%,
P = .001).
Conclusions: Female sex is not an important risk factor for poor outcome after treatment for lower limb ischemia, when
their increased age has been accounted for. These results imply that we should continue to consider age and type of
procedure when estimating outcome, and women should not be refused an intervention on a sex-related basis. We
should possibly be more selective toward men considering their higher mortality rates. (J Vasc Surg 2002;35:510-6.)
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To separate possible age from sex-related differences,
analysis of patients who underwent amputation was per-
formed by age adjustment besides the regression model.
Age-adjustment was performed by adjusting the number of
women who underwent amputation in every 5-year age
group to the age of men in Stockholm during the same 5-
year period.
Validation of registry data was performed on a ran-
dom 5% sample of all patients (n = 644). Thirteen faults,
concerning length of hospital stay, were found in the
registry when compared with discharge notes. The reg-
istry had four faults when compared with operative
notes; three were double-coding of operations. More
details on patient selection and validation of the mater-
ial have been presented previously.1 The Swedish Data
Inspection Board, the Swedish National Board of
Health and Welfare, and the local ethics committee
approved the study.
Fig 2. Age-specific incidence for women and men who underwent amputation, presented as percentage
of patients who underwent amputation in patient cohort from 1970 to 1994.
Fig 3. Age-adjusted incidence for women and men who underwent amputation, presented as percentage
of patients who underwent amputation for every 5-year period in 1970 to 1994.
Fig 1. Survival for patient cohort after first vascular intervention.
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Statistics. Comparison between groups was per-
formed with Student’s t test. Differences in the distribu-
tion of amputations between subgroups were tested with
Pearson’s χ2 analysis. Long-term and 30-day survival rates
were analyzed with the Gehan-Wilcoxon statistic. Multi-
variate survival analysis and risk factor analysis for amputa-
tions was performed with the Cox regression model with
the Wald statistic.
RESULTS
Survival. Thirty-day survival was worse for women
than for men, in the patient cohort, as well as in the sub-
group of patients who had undergone embolectomy (Table
II). Increasing age and calendar years (1975 to 1979) were
significant risk factors for poor 30-day survival (P < .001),
in the multivariate analysis, but not female sex (P = .17).
Long-term survival at 1, 3, and 5 years after operation
was also worse in women (P < .001) (Fig 1). Fifty percent
of the women and 55% of the men were alive after 5 years,
which can be compared with the expected 5-year survival
rate of inhabitants in Sweden of the same age at 88% for
women and 87% for men.
In the univariate analysis of risk factors for postoper-
ative death any time during the study period, increased
age, calendar years, and female sex were identified (Table
III). Increased age was the most important risk factor in
the multivariate analysis for survival, followed by being
treated in 1980 to 1989 and being male (P < .001)
(Table IV). Overall survival varied from 21 months for
patients who have undergone embolectomy to 90
months after suprainguinal procedures, with a mean sur-
vival of 66 months.
Amputation. The percentage of amputated women
and men in the entire patient cohort was similar (11.4% vs
10.2%; P = .075). No differences between women and men
were found in the percentage of patients who underwent
amputation at 30 days and 1 and 5 years after operation
(3.2% vs 3.4%, 8.4% vs 7.9%, 10.8% vs 9.5%). Comparable
results were obtained when analyzing amputated patients
among living patients (Table V).
Compared with patients with intact limbs, patients who
underwent amputation were older (73 vs 68 years; P < .001),
and women who underwent amputation were older than
men (76 vs 70 years; P < .001). In addition, the percentage
of patients who underwent amputation grew with increasing
age for both sexes, illustrated by age-specific incidence 
(Fig 2). When age-adjusting women who underwent ampu-
tation, a lower estimated percentage was observed (Fig 3).
The most common procedure preceding an amputa-
tion was embolectomy (40%) in 1980 to 1984, which
changed to infrainguinal interventions (51%) in 1990 to
1994. The percentage of patients who underwent ampu-
tation for the different procedure types was highest for
femorodistal bypasses (P < .001) (Fig 4). The only sex-
related difference that was observed in the procedure sub-
groups was a higher percentage of women in patients who
underwent embolectomy (P < .001).
Treatment performed in 1985 to 1994, increased age-
and female sex were identified as risk factors for amputa-
tion in the univariate analysis (Table VI). In the multivari-
ate analysis, increased age and calendar year remained
significant but not female sex (Table VII).
DISCUSSION
Survival. The poor 30-day survival rate in this patient
cohort, especially for women, can be explained by the par-
ticularly low survival rate among patients who underwent
embolectomy. This in turn is probably caused by difficul-
Fig 4. Percentage of patients who underwent amputation in specified subgroups from 1980 to 1994.
Pearson’s χ2 analysis was used for comparison between groups and between women and men.
ties in discriminating between embolic and thrombotic
events during early calendar years.12 The importance of
increased age as a risk for poor 30-day survival is clarified
in the multivariate analysis, where age besides calendar
years were significant risk factors. Female sex did not
increase the risk for early postoperative death.
Contrary to most reports, we found no sex-related dif-
ference in 30-day survival after infrainguinal and suprain-
guinal procedures, even though women were 5 years
older.3-5 Because 30-day survival is closely related to the
preoperative status of the patient and the risk of the oper-
ation, our data suggest that there may have been a selec-
tion of female patients with fewer risk factors and better
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general health than their male counterparts. This of course
assumes that the quality of patient care is equal for women
and men.
Long-term survival data in the patient cohort are in
accordance with the previously documented high mortal-
ity rate for patients treated for LLI, including a poor sur-
vival rate for female patients.3-5 However, when age was
accounted for in the multivariate analysis, male sex was a
significant risk factor for death. This observation has, to
our knowledge, not been reported before. The explana-
tion is probably that the age difference between treated
women and men seldom is taken into account. Another
possible contributing factor may be that patients are
Table I. Requested ICD codes for vascular interventions for LLI, ICD 8 in 1970 to 1979 and ICD 9 in 1980 to
1994
ICD code Type of procedure Classification in the study
1970-1979 8802 Embolectomy Embolectomy
8864
8803 Thrombectomy Thrombectomy 
8804 Thrombendarterectomy Thrombendarterectomy
8894-8898 Redo surgery* Redo surgery*
8821-8823
8829 All vascular interventions Patient cohort 1970-1979 
8770-8799 Major amputation Amputation
1979-1994 8802 Embolectomy Embolectomy
8864 Thrombectomy Thrombectomy
8803
8884-8885 Aortoiliac bypass Aortoiliac procedure/suprainguinal
8814-8818 Iliacofemoral bypass
8861-8862 Thrombendarterectomy
8865 Femorofemoral bypass
8868 Extraanatomical bypass
8886-8887 Femoropopliteal bypass Femoropopliteal bypass
8824 Profundoplasty
8826-8827 Thrombendarterectomy 
8825 Femorodistal bypass Femorodistal bypass 
8894-8898 Redo surgery* Redo surgery*
0967 PTA PTA (after 1987)
8770-8799 Major amputation Amputation
PTA, Percutaneous transluminal angioplasty.
8894, Postoperative thrombectomy; 8895, secondary suture; 8896, redo surgery for bleeding; 8897, redo surgery for infection; 8898, redo surgery for
unspecified cause.
*Defined in the ICD as “redo operation for postoperative complications after vascular interventions.”
Table II. Thirty-day survival for the patient cohort and four subgroups is presented as the percentage of patients who
survived
Women Men
No. (%) No. (%) P value 
Patient cohort* 3836 89.2 4808 91.6 .001†
Suprainguinal interventions‡ 876 94.3 1258 94.6 NS
Femoropopliteal bypass‡ 733 97.4 863 96.5 NS
Femorodistal bypass‡ 248 97.2 349 95.1 NS
Embolectomy* 1119 75.8 922 80.8 .008†
The number of treated patients is also presented.
*1970 to 1994.
†Gehan-Wilcoxon statistic.
‡1980 to 1994.
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selected differently for treatment. Hypothetically, too
many men with an increased risk are offered operations
whereas women with LLI who could benefit from revas-
cularization are not always treated. Such gender bias has
been reported in patients with ruptured abdominal aortic
aneurysms.13
The observation of lower overall survival rates for men
than for women most probably reflects the normal survival
rate in the population, where women live 5 to 7 years
longer. To interpret the importance of the calendar years,
especially the high mortality rate during 1980 to 1989,
one must consider the changes in vascular surgery that
have occurred in Stockholm.1 There was a rapid increase
in the number of interventions performed for LLI, and
mean age among treated patients increased from 63 years
in 1970 to 1974 to 71 in 1990 to 1994. These changes
and a rapid growth in the number of patients treated with
infrainguinal procedures suggest that in 1980 to 1989 we
offered vascular interventions to a large number of
patients who a decade before would have remained
untreated or been subjected to primary amputation.
Amputation. The slightly higher percentage of
women who underwent amputation compared with men
found in this patient cohort is supported by several stud-
ies reporting poor limb salvage rates in women, even after
multivariate regression analysis.3,5,8 Poorer limb salvage in
women has been suggested to be related to delayed diag-
nosis in women or a poor diagnostic awareness among
clinicians.14 Anatomic differences, such as the quality and
size of arteries and veins, could also be important when
analyzing sex-related differences in outcome. A more fre-
quent use of nonvenous grafts and smaller vessels in
women may explain the poorer outcome.4,6,8,11 For obvi-
ous reasons these factors could not be considered in this
registry-based analysis.
However, when age was accounted for in our patient
cohort, the modest sex-related difference disappeared.
Several recent reports support this lack of sex-related dif-
ference.2,7,10,15 Mays et al7 investigated 148 patients
undergoing infrainguinal bypass with similar indications
and age for women and men and found no sex-related dif-
ference in limb salvage. Harris et al2 reported that in 585
patients, women had similar limb salvage rates, even with
a 3-year age difference.
The pronounced impact of age on amputation rates in
our material is also illustrated by the result of age adjust-
ment. If women were of the same age as men when
treated, they would have a very low amputation rate, con-
siderably lower than men. It is, however, unlikely that the
vast majority of women with LLI should be treated any
Table III, A. Univariate survival analysis for patient cohort
Continuous factor Relative Hazard Wald* P value
Age (10)† 1.84 1742 <.001
*The Wald statistic.
†Per 10-year increments.
Table III, B. Univariate survival analysis for patient cohort
Dead patients/
Categorical factor* No. Deaths treated patients (%) Mean score GW* P value
Sex
Men 4808 2634 55 172.3 20.2 <.001
Women 3826 2000 52 -216.0
Calendar year
1970-1974 690 521 86 821 67.1 <.001
1975-1979 1003 795 79 319
1980-1984 1554 1153 74 -302
1985-1989 1771 1106 62 -450
1990-1994 3707 1059 29 120
* Gehan-Wilcoxon statistic.
Table IV. Multivariate survival analysis (Cox regression) for patient cohort
Patient cohort* Relative Hazard CI Wald† P value
Age (10)‡ 1.92 1.84-1.99 1751 <.001
Calendar year 0.93 0.90-0.95 34 <.001
Female sex 0.82 0.78-0.88 39 <.001
*Cox regression model.
†The Wald statistic.
‡Per 10-year increments.
younger than today. The 5-year to 10-year delay in the
onset of disease for women is well documented and possi-
bly is related to the “protection” of estrogens.16-20
In a previous study of this patient cohort, we found a
dramatic change in the type of procedures performed for
LLI from 1970 to 1994. We reported an increasing num-
ber of infrainguinal procedures (from 38 interventions/1
million inhabitants in 1980 to 1984 to 186 in 1990 to
1994) and a decline of embolectomies. A growing part of
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the interventions was performed on elderly women (33%
in 1980 to 43% in 1994).1 This may be important to con-
sider when the increase of the infrainguinal procedures
preceding amputation is discussed. The high perioperative
and overall mortality rate for patients who undergo
embolectomy explains the low amputation rate in this sub-
group. The low number of patients who undergo amputa-
tion after a suprainguinal procedure makes further analysis
of this subgroup difficult.
Table VI, A. Univariate analysis for the risk of amputation after a vascular intervention
Continuous factor* Relative Hazard Wald* P value
Age (10)† 1.05 186.2 <.001
*The Wald statistic.
†Per 10-year increments.
Table VI, B. Univariate analysis for the risk of amputation after a vascular intervention
% Patients who 
Categorical Patients who underwent amputation/
factor* No. underwent amputation treated patients Mean score GW* P value
Sex
Men 4216 329 7.8 53.12 9.0 .003
Women 3342 315 9.4 -67.01
Calendar year
1970-1974 598 36 6 307 127 <.001
1975-1979 865 42 5 339
1980-1984 1315 85 7 235
1985-1989 1568 170 11 -67
1990-1994 3212 311 10 -212
*Gehan-Wilcoxon statistic.
Table VII. Multivariate analysis (Cox regression) for the risk of amputation
Patient cohort* Relative hazard CI Wald * P value
Age (10)† 1.044 1.04-1.05 122.5 <.001
Calendar year
1970-1974 (reference) 69.4 <.001
1970-1974 vs 1975-1979 0.857 0.55-1.34 0.4 .498
1970-1974 vs 1980-1984 1.085 0.73-1.61 0.2 .684
1970-1974 vs 1985-1990 1.882 1.30-2.73 11.1 .001
1970-1974 vs 1990-1994 2.461 1.70-3.55 23.2 <.001
Female sex 0.986 0.78-0.88 0.03 .862
*The Wald statistic.
†Per 10-year increments.
Table V. The number of living women and men and patients who underwent amputation at 30 days, and 1, 3, and 5
years after their first vascular intervention
Time after Women who underwent Men who underwent 
intervention Living women amputation Living men amputation
30 days 3420 123 (4%) 4406 162 (4%)
1 year 2877 324 (11%) 3828 379 (10%)
3 years 2378 386 (16%) 3147 424 (13%)
5 years 1918 413 (21%) 2638 455 (17%)
The percentage of patients among living who underwent amputation is presented in parentheses.
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The observed decline in amputation rate observed in
1990 to 1994 should be interpreted with care, remember-
ing the relatively shorter follow-up for patients treated
during this period. This is clarified by the multivariate and
univariate analysis, where an increased risk for amputation
in 1985 to 1994 is identified. The most probable explana-
tion for the increased risk in these years must be the dra-
matic increase of infrainguinal interventions. Probably the
reported reduction in primary amputations in Sweden
during the same period reflects the fact that more patients
are offered a vascular intervention primarily.21 A similar
development is reported from Australia, Denmark, and
the United States.22-24
In Sweden we have the advantage of a national system
of personal registration numbers, facilitating specific analy-
sis of each patient’s treatment course through the medical
system. The strengths of patient cohort material extracted
from such a database are the abilities to withhold data for
a large number of patients and to analyze important trends
over time. However, there are some obvious limitations
with registry data—for example, the lack of information on
most risk factors. In the database, which leg is amputated
is not specified, and amputation of the contralateral leg
could hypothetically be included. To minimize this possi-
ble error, amputations were investigated on a patient-spe-
cific level, and patients who underwent amputation were
only included once—after the first amputation was per-
formed after their vascular intervention.
CONCLUSION
Female sex is not an important risk factor for poor out-
come after treatment for LLI. Survival instead depends on
the patients’ age, and male sex may in fact increase the risk
for death after vascular intervention for LLI. The amputa-
tion rate is also highly dependent on the patient’s age.
These results imply that we should continue to mainly con-
sider age and type of procedure when estimating outcome,
and women should not be refused an intervention on a sex-
related basis. Instead we should perhaps be more selective
toward men considering their higher mortality rates.
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